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PURPOSE

1. Experimental and theoretical analysis will be conducted to determine
power conversion efficiencies for harmonic generation due to nonlinear
quantum susceptibilities. Analysis of partly resonant two-level schemes
will be conducted, but the emphasis will be on the investigation of resonant
harmonic generation within gaseous media where two levels are in resonance
with the harmonic output and intermediate levels can be used to reduce pump
power requirements for operation with optimum efficiency. Of primary im-
portance in the experimental phase of work is the development of suitable
resonant structures to support the multiple quantum system.
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ABSTRACT

Various resonant structures that may be used in harmonic generation
and frequency mixing experiments are discussed. The important param-
eters considered are simultaneous double resonance, filling factor, and
resonator losses. The discussion compares the relative merits of various
resonators.

The serniconfocal interferometer has been employed in partly resonant
gas experiments using methyl fluoride. Crossed parallel plate interfero-
meters have been designed for use in third harmonic generation in Ilitrosyl
fluoride. Problems related to the use of the interferometers in multiple
quantum experiments are discussed. Beam splitting techniques to improve
the filling factor are also discussed.

The use of asymmetric top molecules in multiple quantum experiments
is complicated by the corrosive properties of these gases. This problem
is reviewed.

The experimental phase of the work was concerned with experiments to
optimize the resonator structure for the partly resonant experiments and
with an evaluation of the components to be used in the totally resonant work.
This progress is dL cussed.

The energy levels of methylene chloride have been completed. These
are given in the Appendix. Work on multiple quantum effects in solids was
held in abeyance to allow for the revision of test equipment to incorporate
a superconducting magnet in the test setup. Work on multiple quantum
effects in solids will continue in the next quarter.
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I. INTRODUCTION

Multiple quantum effects have been predicted 3ince the introduction of
quantum mechanics (Reference 1) and have manifested themselves in many
ways. For example, such phenomena have been associated with Raman
processes (References 2 through 8), molecular beam transitions (References
9 through 17) and optically pumped schemes (References 18 through 26).
More recently, multiple quantum transitions have been observed in the
microwave region and the feasibility of frequency conversion due to non-
linear quantum susceptibilities experimentally demonstrated (References
"27 through 30),

The interesting possibility of producing millimeter and submillimeter
"radiation from such schemes has led to the consideration of partly resonant
(Reference 31) and resonant (References 32 and 33) techniques. From an
analysis of the power conversion efficiencies of the two methods, the reso-
"nant frequency mixing scheme shows the greater promise for frequency con.
version devices in the millimeter region, although it requires mire care-
ful selection of materials.

In this report, a theoretical analysis of certain problems in resonators
is given, the gas handling problem discussed, and the experimental work
during the quarter reviewed.

46f" o rl"Ll
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H. TECHNICAL DISCUSSION

A. RESONATORS

The choice of an optimum infteraction structure for multiple quantum
frequency mixing experiments is an important consideration. Possible
future use of the mult'ple quantum technique for frequency multiplication
and mixing in the millimeter and submillimeter regions ultimately depends
on the power conversion efficiencies that can be obtained. One of the ma-
jor objectives of this program is to investigate various resonators to de-
"termine the optimum configuration. To date, experiments have been per-
formed in re-entrant cavities by Fontana, Pantell, and Smith (Reference 27)
in waveguide structures by Coleman and Akitt (Reference 34) and in a co-
aKial resonator by Scalapino, Vasiliadis, and Wilson (Reference '5). Al-
t'- )ugh all of these experiments added to the state-oi-the-art, none of trIe
inte-action structures appears to be well suited for use at higher freqe.,n-

" cies. The important criteria of the resonator are:

1 Simultaneous double resonance at the fundamental frequency and the
harmonic frequency or, preferably, flexible, independent tuning;

2 High fillirg factor and high-effective Q at both frequencies;

3 Large interaction volume, ease of coupling, and mode discrimination.

In the case of the re-entrant cavity, Fontana (et al) obtained the simul-
taneous double resonance by varying the height of the cavity and the length
of the post. Since the field configuration in the re-entrant cavity was un-
knon•v, the filling factor was estimated to be 0. 1. It is known that the E-field
is large in the region between the end of the post and the cavity wall, and it
is usually assumed that the generation occurs in this volume. This type of
cavity may be useful in the frequency range below 35 GHz, but cavity losses
limit its application at higher frequencies. The coaxial resonator has the
advantage of known field configuration, but ia also limited to use at frequen-
cies below 35 GHz since the losses of the center conductor increase rapidly
with frequency.

The rectangular cavity has the ad-'antage of allowing the simultaneousI: double resonance with the proper phase relationship of the fundamental and
third harmonic electric field to obtain a resonably high filling factor. An
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example of an appropriate mode would be the TE 1 0 fundamental mode and
the TE 3 0 harmonic mode. The rectangular resonator has higher losses than
a circular resonator operated in the TE 0 1 mode. Also, the wall losses in
the rectangular resonator increase rapidly with frequency, limiting its use
to the lower frequency range.

Of all the conventional microwave cavities, the cylindrical cavity opera-
ted as a miltirrode cavizy in the TE0 1 mode shows the most promise. The
losses of this cavity are of the oame order as the losses in the semiconfocal
interferoineter. Diffraction losses of the semiconfocal Fabry-Perot inter-
ferometer 61 cm in length and 12 cm in diameter total 2.17 x 10- db. The
analogous wall loss of a cylindrical copper cavity of the same dimensions
supporting the TE0 1 low loss mode is 7.68 x 10-4 db. The semiconfocal
interferorneter offers the advantages of ease of alignment and low loss in
the frequency range from 50 GHz to 300 GHz. One disadvantage of this
resonator is the problem of obtaining simultaneous double resonance in a
two-mirror system. We have been able to obtain the simultaneous double
resonance by introducing a small electric field perturbation. Since the
field distribution in the interferometer is given by complicated Gaussian-
Har-nite polynominals, calculation of the field distribution with the pertur-
batio"n would be prohibitively complicated. In the experimental section of
the report, a technique is described to measure the relative field distri-
bution in the cavity using a method that is simple and sufficiently accurate.
Preliminary tests indicate that the same mode exists in the cavity, but the
fieid distribudion is slightly altered. The filling factor for the semiconfocal
interferometer, calculated on the basis of a plant wave field distribution
approximation, was found to be 0.05.

Another promising resonant structure is the parallel plate interfero-
meter to which the coupling of power is accomplished by horn-and-lens
feed through a coupling hole pattern in the interferometer plates. This
is in contra3t to the semicorfocal llerferometer, where a waveguide-iris
feed is applied to the center of the mirrors. Since the coupling hole size
is calculated by matching the hole susceptance to the plate susceptance, it
is a function of frequency. For this reason, it is difficult to employ a sin-
gle pair of interferometer plates as a doubly resonant interferometer with
the harmonic frequency an odd harmonic of the fundamental frequency.
The use of a double interferometer to eliminate these coupling problems
was discussed in the previous quarterly report (Number 2). The double
interferometer allows ease of coupling, since the individual mirrors can
be fabricated for one frequency only and the interferometers can be sepa-
rately tuned to obtain the simultaneous resonance, A major problem with
the crossed interferometer is in obtaining a sufficiently high filling factor.
The filling factor may be computed from the following integral which was
analyzed in the last report:
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where: sin inz(3 Kz cos~ + 3 Ky sino4] E 3 (fund) E (harm) dx dy dz
where:

K wave number of the fundamental frequency
E (fund) fundamental electric field

E(harm)= third harmonic electric field.

The angle 4' is the angle of intersection of the cylindrical axes of the
two interferometers. The filling factor has been calculated for several
different intersecting angles between the axis of the interferometers. The
ratio of the filling factor at 30 degrees and 90 degrees relative to the filling
factor a. 0 degrees is 3 percent and 0.5 percent, respectively. Since the

I filling factor and volume both increase as the intersection angle decreases,
first experiments and volume both increase as the intersection angle de-
creases; first experiments will be conducted at an angle of 15 degrees.
However, the use of this small apgle presents other problems such as
difficulty in physically positioning the n'irrors so that the mirrors of one
interferometer are not in the resonant path of the other interferometer.

4. Because of these difficulties with the crossed interferometers, other
techniques are under consideration to obtain parallel directed waves. One
of these techniques is called beam splitting.

B. BEAM SPLITTING

,. One of the fundamental difficulties in the creation of usable multiple
quantum harmonic generation devices is obtaining a sufficiently high filling
factor while maintaining the power density and large volume necessary for
efficient powar generation at the harmonic. The following simplified ex-
pression for the third harmonic generation in the two-level case shows the
parameters that must be optimized:

2 6

p 128r 3

where:

a = loss factor, a =Qs f

= dipole moment

Q = sample Q

55
L

It



E =electric field due to first harmonic pump

V = volume of resonator

0 = transition frequency of molecule

f2 = filling factor of nonlinear third harmonic polarization

fl = filling factor of linear response (absorption) at third harmonic.

The factors f 2 , f 1 , E 1 , and V are important in the design of a resonant
structure. The large exponent of E1 indicates that it is very important to
have a large power density in the resonator, so that the choice of volume,
configuration, and coupling should optimize this factor, but without penalizing
the filling factor f 2 , Another consideration is that the resonances at the
fundamental and the third harmonic must both occur at the same setting of
the tuning device in the resonator; otherwise, a serious loss of power will
occur. The loss will result either because of low E 1 field or from having
the output waveguide poorly matched to the third harmonic power.

6

In the expression for P 3., it is useful to evaluate the role of E 1 in terms
of the Q factor and the volume of the resonator. The losses from a reso-
nator can be given by PL = wW/Q, where cw is the resonant frequency, W the
total stored energy, and Q includes losses of all kinds: diffraction, coupling,
and reflection. In the steady state, the losses are compensated by the power
input and hence the power into the resonator, i.e., the fraction of power not
reflected at the coupling holes, must be equal to the power lost. Thus,

PL in = Q

Therefore, 

L

W PQ 3

where V is the volume of the resonator and P is the power moving down the
waveguide toward the resonator.

2 -
In the foregoing, W/V is the energy density and is proportional to E1

El6 can then be eliminated from the expression for P3,,, obtaining

3Q3 3Q3
StP Q xV=P Q

3w 3V3 32V--

where uninteresting factors have been omitted. Thus, for fixed frequency
and input power, we must make Q3/V 2 as large as possible. It is clear that

6
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a gain in power output will be achieved by obtaining the maximum Q in the
smallest possible volume. This point is considered below for a particular
resonator.

Many resonator designs have been considered, but the major discussion
here will concern the flat plate and the semi-confocal Fabry-Perot inter-
ferometers. The flat plate interferometer has the required ease of double

j. resonance operation, the filling factor is potentially large, and the Q high.
The difficulty of alignment compared to the confocal case is a problem.
Further difficulties may arise when independence of tuning of the funda-
mental and the third harmonic is desired to optimize slightly off-resonant
operation. Although careful design can overcome the coupling problem by
the use of horn, lens, and perforated plates, the use of a semi-confocal
interferometer that can be waveguide fed offers some advantages (wave-
guide feed has not been successful with flat plates). Calculations are pre-
sented here, however, only for the flat plate case since they are qualita-
tively applicable to the semi-confocal case and are much simpler. In the
case of the flat plate interferometer, the quality factor is given by (Ref-
erence 36).

Q 27TbA

L 
5r + 0.207 ( - ) 1

where

a = plate (circular) radius

b = plate separation

x = wavelength

6 = reflection losses.

Then the factor computed above, in the P3. expression, using V = 7a 2 b, is

Q3 _ 8b

V X3 a4 [r + 0.207 ()•l'4]3

Although 6 r and ',d = 0.207 (bX/2)1.4 (the diffraction loss) are often of the
same order magnitude in the millimeter range, to obtain a qualitative idea
of the variation of Q 3/V 2 , we neglect 6 r in comparison with 6 d. Thus

Q 1 3 8v 2

V 2 _(0.207)~ 3 . b T2I

I
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At lower frequencies, however, the diffraction loss is less than 6 r~ hence,
under these conditions

Q3 8 irb

V 2X 3a46
r

Although the manipulation of the Fresnel number a 2/bx can be accom-
plished to make the ratio of diffraction to reflection losses any desired
quantity, it is better to keep the Fresnel number small (i.e.,) near one,
to avoid moding problems. The quantity

Q 3 b
V 2 ),'x"1' 3

a4 [6 +0.207()J

[rC

has been plotted in Figure 1 for 6 r = 0.001, and 0.01, for a =2, 3, 4, 5 cm
and for 4 _ b _5 20. (Comparisons should not he made between the two sets
of curves for the different values of X (X = 0.8 cm and X = 0.3 cm) since
the scale has been compressed.) From the illustration, optimization of --

this quantity, important in the polarization at the third harmonic, can be
carried out for the interferometer.

By the use of these formulas, one may optimize the resonator dimen-
sions; however, the problem of independent tuning still remains. For this
reason, consideration has been given to crossed interferometers (which
were discussed in the last quarterly), but loss of both volume and filling
factor result from this configuration. An alternative to this method is to
use a frequency sensitive beam splitter as shown in Figure 2. In this
way, two independently tuned interferometers can nevertheless have a
large interaction volume for non-linear generation, and a large fl filling
factor. (It is possible that semi-confocal plates may be used instead of
the flat plates shown.)

The major problem in the design of this system is the beam splitter, --

-which must be a good reflector for the low frequency and must transmit,
with little attenuation, the high frequency. During the past quarter several
designs have been evaluated and will be tried experimentally during the
next period. Of the possible beam splitters considered, these receiving
most attention are the polarizing slat grating type, the grid type, and the
interference thin film type. The most successful of these will be the one
with the lowest losses to the high frequency wave that must be transmitted.

8
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Figure 2. Beam Splitter Double In~terferometer

The interference thin film type, an adaptation of the equivalent optical
technique to millimeter wavelength, can be designed for high reflectance
at the lower frequency. To obtain low loss at the higher frequency, it is I
necessary to obtain low loss dielectrics or use sets of thin mylar strips
with alternating thicknesses. Calculations on this type will be reported in
the next quarterly report.

The grid or grating types offer excellent possibilities, requiring, how-
ever, maximum skill in fabrication to obtain high reflectance at the low I
frequency and small attenuation of the third harmonic. The grid must be
arranged as a set of equally spaced strips, at approximately the cut-off
wavelength. To obtain sufficient attenuation, and hence reflection, the
wieth of the strips must be a few wavelengths. The strips must be very
thin, less than O.OVI inch. and of the greatest possible conductivity. A
planned method of fabrication is to electroform nickel strips on stainless
steei mandrels, to silver plate these and overlay with 50A cf quartz to
prevent deterioration of surface conductivity. An alternative method te
to use metallized mylar strips. During the next qui.rter, a frequency-
dependent beam splitter will be designed and constructton begun.

in
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F.C. GAS SELECTION

Selection of an appropriate gas for use in the totally resonant multiple
quantum scheme presents several problems. For a four-level scheme
used for third harmonic generation, the gas mu3t i ossess non-vanishing
dipole moments along two of the principal axes, and the energy levels must
be equispaced. These properties can be found in asymmetric top mole-
cules. As mentioned in the last quarterly report., nitrosyl fluoride was
selected as a possible gas to be tried in a four-level third harmonic scheme
to generate 120 GHz.

Conversations with representatives of Ozark Mahoning Company, the
gas manufacturer, and R. L. Cook at Duke University who has performed
microwave spectroscopy experiments with this gas, indicate handling pro-
blems. The Ozark representative stated that the gas can be used in con-
tact with metallic objects if the objects are first pacified by the gas. Thisinitial volume of gas used for pacification is then removed from the vacuum
system and a fresh supply of gas used for the harmonic generation. Nitrosyl

F fluoride reacts on contact with ionization gages and mercury manometers,
and the gas manufacturer does not recommend the use of these instruments
in the vacuum system. To pump the gas out of the vacuum system, it is
necessary to trap with liquid nitrogen since the gas is explosive on contact
with pump oil. We are reworking a discarded vacuum system to investigate
these gas handling problems.

Because of these handling problems with nitrosyl fluoride, we are con-
sidering other gases t, it may be used in the totally resonant system. In-
formation is being accumulated on the following asymmetric gases to de-
termine their possible application:

1 Nitrosy• chloride 8 Hydrazoic acid

2 Methylene chloride 9 Ethylene sulfide

t 3 Vinylene carbonate 10 Difluorosilane

S4 Thionyl fluoride 11 Isothyicyanic acid

5 Benzonitrile 12 Formaldehyde[ 6 Methylene fluoride 13 Difluoroethylene.

? Vinyl cyanide

1 11



We plan to continue the study of these gases and the experimentation
required to devise proper gas handling techniques. Most of the corrosive
gases are shipped in nickel or monel containers and information received
from gas manufacturerrn recommend the use of nickel, monel, and inconel
for vacuum system fabrication. With these considerations, we will inves-
tigate the use of nickel and nickel with gold plating. Another possible
technique to prevent corrosion is the use of ultra thin quartz deposition
on metallic surfaces. Martin-Orlando's Research Division has the facil-
ity .o deposit quartz of as little as 50 angstroms thickness, allowing pro-
tection without interference with the microwave reflectivity.

All of these approaches will be tried with the ultimate goal of obtaining
a suitable gas for third harmonic generation in the millimeter or submilli-
meter region.

No work was done during this quarter on the use of methyl cyanide be-
cause of the work on other gases. Calculation of the energy levels of methy-
lene chloride was completed during the quarter, a complete tabulation of
which is given ir- the Appendix.

12
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MI. DETAILS OF EXPERIMENTAL DESIGN AND CONSTRUCTION

j The prelimiiary design and construction of experimental components is
discussed in this chapter. These components consist of:

1 Flat plate interferometer plates

2 Semiconiocal interferometer plate

3 Low-pass filter for 35 GHz operation

f4 Horn and lens design for 100 to 130 GHz operation.

The flat plate interferometers were designed according to the equations
given in Zimmerer (Reference 37). In the construction of the parallel plate
interfercmeter, the two critical parameters are the plate conductivity and
flatness. Effort has been expended to maximize these parameters consis-
tent with the use of the interferometer in a gaseous environment. BecauseL
of the long fabrication time and the imperfections of the holes in photo-
etched plates, the first flat interferometer plates were made by drilling
the individual holes. Several thicknesses of aluminum foil from 0.005 to
0.030 thick were used. The foils were then stretched on aluminum rings
to obtain a flat surface. Preliminary tests gave low Q values due to im-
perfect holes and wrinkling of the foil surface. As mentioned elsewhere
in the report, many of the asymmetric top gases are highly corrosive and
decompose readily.

The construction materials usually specified are nickel, monel, and
inconel. For this reason, it was decided to construct the interferometer
plates by electroforming nickel on a stainless steel mandrel. Several sam-
ples of various thicknesses were made. The quality of the holes is much
better than those obtained by drilling or photoetching the holes. The nickel
is much tougher thar the equivalent thickness aluminum foil. Several nickel
interferometers have been fabricated and mounted on aluminum rings.
Since nickel has relatively low conductivity, it may be necessary to plate
the nickel with a material of higher conductivity. Plating of the nickel foil
is being investigated at the present td me as well as other fabrication tech-
niques.

1
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The semiconfocal spacing of the interferometer described in the experi-
mental part of this report is approximately 5 1/2 inches. Since the vacuum
chamber can accommodate a greater interferometer length, a new curved
plate assembly has been constructed, with semiconfocal length near 7 1/2
'nches, to obtain a larger interaction volume. At the same time, several
types of surface finishes will be tried on the curved mirror to maximize
the Q value and maintain corrosion resistance. No experimental work has
been done with this curved plate.

A low-pass filter was designrd and constructed to be used with the
magnetron. This filter will be wE veguide-coupled to the magnetron to filter
the third harmonic in the magnetron output. The filter was designed to
cut off at 40 GHz. The filter consisted of several sections of different wave-
guide height to obtain the filter characteristic. When the magnetron power
was applied, arcing occurred because of the reduced height of one of the
sections in the direction of the electric field. To overcome this difficulty,
the fiher was filled with gaseous nitrogen and sealed with mica O-rings.
When the filter was retested it operated satisfactorily. The response at
the third harwonic -was 30 db below the input signal.

A possible resonator for the totally resonant gas system is the parallil
plate interferometer. A horn and lens system was fabricated to couple to
this interferometer. The horns were fabricated in pieces, soldere,6 together
and the interior surfaces then highly polished. Furti-er horn (. nstruction
is planned by electroforming. It is possible to surface match the lenses
'which were mnachined from rexolite for a particular application, but it was I
not done in this preliminary design in order to expedite construction. The
horn and lens system worked well, giving a transmission loss of about 3
db. For application in a gaseous medium, the lenses will be mounted di-
rictly to the horrns to keep the absorbing gas out of the horns. This is im-
portant in the totally resonant system where the gas is highly absorbing.
We are in the process of fabricating several of these horn-lens combinations.

I
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IV. EXPERIMENTAL EFFORT DURING THIRD QUARTER

Experimental effort during the third quarter was concerned with system
experiments using the semiconfocal resonator, and component evaluation
for the parallel plate interferometer resonator. Work on the totally resonant
system has been delayed because of the gas handling problems described
elsewhere in this report.

I During the second quarter of the contract, the several experiments to
obtain thiard harmonic generation in methyl fluoride were unsuccessful. In
these experiments, a semi-confocal interferometer was used as the reso-
nator. A Microwave Associates Model 206 magnetron with a 0.25 gs pulse-
width supplied the power to the resonator. At the start of the third quarter
it was decided to investigate thoroughly each of the following problems
to optimize the experiment:

1 1 Coupling of magnetron power to cavity

2 Operation of magnetron at cavity frequency

1 3 Microwave window

- 4 Coupling third harmonic to cavity

5 Techniques to obtain simultaneous double resonance

6 Determination of field dietribution in cavity.

Since the output power at the third harmonic frequency increased as
the sixth power of tuie fundamental electric field, it is necessary to ensure
optimum coupling of the input signal to the cavity. Also, large reflet:ion
at the input to the cavity results in standing waves, and the electric field
in the input waveguide increases as the standing wave ratio becomes larger.
This effect was probably responsible for the microwave window problem
mentioned Later in this report.I

To obtain better coupling, the existing coupling iris was replaced by
"an open-end waveguide section. The distance betw,.en the end of the wave-
guide and the surface -'f the flat plate was made adjustable to permit the
coupling to be tun%,; The tuning range extended from a half-wavelengt.•

C 15
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protruding into the cavity to a half-wavelength recessed into the flat plate.
Unfortunately, the large opening required in the flat plate allowed other
modes to be set up in the interferometer as observed on the oscilloscope.
The impedance mismatch between the cavity and the waveguide was then
measured and the iris hole size changed to correct for this mismatch. The
experimental configuration is shown in Figure 3.

SLZOTEI2 /A/_

k'.. <" •- L -- .7i ;,-,'6 ,,•,•, .

Figure 3. Cavity Coupling Setup

In this setup, a resonant mode is obtained on the oscilloscope display.
The moving carriage of the standing wave detector is then moved until the
resonant dip reverses polarity. When the cavity is matched to the wave-
guide, the tips of the resonant curve are at the same vertical position on
the scope. As expected, it was found that the iris holes had to be increased
in size to obtain better coupling. Since increasing the hole size will de-
crease the Q of the cavity, a tradeoff was necessary. The diamreter of the
iris was increased to 0.1 inch and the Q measured and found to be 29,000.
The hole diameter was increased to 0.105 and then to 0.110 inch. With the
hole diameter of 0. 110 inch the Q-value had decreased to 16,000. Since
only 2 db of mismatch was observed with this coupling, it was felt that any
further enlargement of the hole size would cause an unjustifiably large de-
crease in the Q-value.

Since the cavity ýmpedance changes rapidly near resonance, it is neces-
sary to maintain the magnetron at the precise frequency of cavity resonance
to obtain the highest possible electric field. Some experimental effort has

16
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been made to lock the cavity to the magnetron. A circuit configuration
j that might be used for this purpose is shown in Figure 4.

+~ CIRCOZ.470,f4_

S £M/ - I'.-,.C

"9' igure 4. Magnetron - Cavity Lock Circuit

[ In this circuX, a lwr rvvezsc isolation circulator reflects power back
to the magnetron. A phase shifter is used to obtain the correct phase of
the reflected signal. The reflector power is adjusted to a minimum, as
noted by the detector used to monitor reflected power. This ensures the
correct phase of the reflected signal to the magnetron to permit locking.
Essentially, the cavity acts as part of the magnetron cavity to determine
frequency. Several circulators have been tested to obtain acceptable re-
verse isolation and a selection has been made. No further work has been
done on this problem.

The breakdown of microwave windows continues to be a problem. Vari-
ous types of microwave windows have been tried, including mylar, teflon,
glass, mica, and Microwave Associates Kovar glass windows. In the first
experiment run to solve this problem, the microwave window was placed
at a voltage minimum in the waveguide. The window did not break down
with a vacuum in the cavity but did break down after a 20-minute interval
with the gas in the cavity. Since the dielectric constant of the gas changes
with pressure, it was not known whether the dielectric change or a chemical
problem with the gas caused the problem. Conversation with various gas
suppliers was not informative.

L In a further experiment to determine whether there is a chemical reac-
tion between methyl fluoride and the microwave window, gaseous nitrogen
was pumped into the cavity and, after long application of magnetron power,
the interferometer was disassembled and examined. The window was
clear, indicating no reaction with gaseous nitrogen. Note that in other
tests where the window broke down, black deposits occurred on the window
and deposits occurred in the waveguide. The deposits in the waveguide were
hard and had to be cut out. It is suspected that the gas reacts with the
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solder of the flange. In the next experiment a plexiglass window was used
to replace the high frequency end of the jug. With this arrangement, it watt
possible to look into the interferometer with the magnetron power applied
to determine whether ionization occurs. During this set of experiments it
was found that electrical discharge occurred sporadically. No definite pat.-
tern could be observed. It was noted that when the vacuum obtained on
initial pump down was not good enough, i.e., > 10 microns pressure, elec-
trical discharge occurred when the gas was added. For this reason, it
was decided to rebuild the window flange by inserting O-rings on both
sides of the window to ensure a better vacuum. One test has been run
with the new flange without ionization occurring.

The next problem investigated was the coupling of the third harmonic
to the cavity. For this experiment, the third harmonic frequency was
applied at the high frequency end of the cavity and the resonant signal
detected at the flat plate output of the cavity in the transmission mode of
operation (a circuit diagram is shown in Figure 5). The resonant signal
was approximately 15 db down from the incident signal to the cavity, in-
dicating good coupling into the cavity. Therefore, no further work was done
in this area.

XTA /

_ .

Figure 5. Test for Transmission of Third Harmonic in
Interferometer Cavity

To obtain high electric field values in the cavity and effectively couple
the third harmonic signal output from the cavity, it is necessary to obtain
simultaneous resonance at w and 3w and, in general, to have independence
of tuning for flexibility. Since the resonance equation for a semiconfocal
interferometer shows that w and 3w resonances do not occur at the same

18



spacing, it is necessary to introduce a perturbation to obtain the simultane-
ous resonance. For our semiconfocal interferometer it was found that a
piece of tungsten wire of 0.005 inches in diameter placed about 1 inch from
the flat plate surface gave the simultaneous double resonance (Figure 6).
"The Q-value at the third harmonic was not altered. Its measured value1. was 40,000. The Q-value of the fundamental was decreased to about 7000,
a fractional decrease of about 2 1/2.

It is desirable for several reasons to be able to determine experimen-
tally the field configurations in the cavity. The equations given in the litera-
ture are too complex and idealized to be useful. With the tungsten wire
perturbation inserted into the cavity, it is necessary to determine whether
the mode configuration changes and also the distortion of the electric field
caused by the perturbation. A scheme for measuring the field distribution
has been suggested by Zimmerer (Reference 38). The experimental setup
consists of positioning a small piece of absorbing paper in the cavity field
and determining the field intensity as a function of the reflection coefficient.

& The reflection coefficient is obtained by measuring the reflected cavity
power with a bolometer and power bridge. The experimental setup is shown
in Figure 7. To date, the variation of electric field transverse to the field
direction at various axial positions has been obtained. Further tests to
obtain the field distribution with the perturbing tungsten wire installed will
be made to confirm preliminary tests.

The experimental effort on the totally resonant system consisted of com-
ponent testing and evaluation. A horn and lens system was designed to oper-
ate in the frequency range between 100 GHz and 135 GHz. One application
of this system is in the third harmonic generation in nitrosyl fluoride. To
test these components, a parallel plate interferometer system was con-
structed that consisted of the horns-lens assembly and interferometer
plates mounted on an optical bench. The initial fabrication of interferometer
plates was not successful. The holes were drilled in an attempt to obtain
a more uniform hole than had been obtained using photoetching techniques.
Also, the photoetching process that had been used to fabricate other inter-
ferometer plates required about three weeks to obtain a finish foil. Un-
fortunately, the foil was too thin to allow clean drilling and the finished
aluminum foil was not satisfactory. For these reasons, the parallel plate
interferometer designed for 168 GHz operation was used. The system was
aligned on the optical bench. The microwave signal was derived by fre-
quency doubling from an OKI 55V10 klystron. The output was detected by
use of a run-in RG 138 detector. The experimental setup is shown in Figure
S. The transmission loss with interferometer plates was 11 db while the
transmission loss with horns and lens only was 3 db. The Q-value was

•L approximately 8,000. It is expected that many more experiments on parallel
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Figure 6. Semi-Confocal Interferometer with Tungsten

Wire Perturbation
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plate interferometers will be performed during the next quarter using
the interferometer plates de,?igned for multiple quantum experiments. f
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V. CONCLUSION

In analysis of the crossed interferometer system indicates a low filling
factor for large intersection angles. The possible use of beam splitting
techniques to solve this problem is promising. Further analysis and experi-
mentation are required to obtain a feasible model. Since the semiconfocal
interferometer has a large filling, its use in the partly resonant experi-

I merts is iustified. The problem of field distortion in the semiconfocal.
interferonieter, caused by the tungsten wire used to obtain simultaneous
resonance, requires further investigation. Since the analytical expressions
are complicated, experimental determination of the field distribution is
used for this case. The gas handling problems with nitrosyl fluoride point
to the use of another gas if a suitable one can be found.

I.
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__ VI. PROGRAM FOR NEXT QUARTER

Design and construction of resonant structures will continue. The design
of a beam splitting interferometer will be completed and the construction

Sof a beam splitter started. Selection of possible gases for the totally
resonant scheme will be continued. An experimental setup will be made
to check the gas handling problems of nitrosyl fluoride and other asym-
metric top molecules. An attempt will be made to optimize the experiment
for third harmonic generation in methyl fluoride. Experimentation on the
totally resonant scheme will be continued. Non-linear quantum effects inI solids will be studied at field strengths up to 50 kilogauss.
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VII. KEY PERSONNEL

Manpower charges for the third quarter are as follows with Dr. V. E.
Derr acting as task leader without charge to th contract:

Ii
G. W. Bechtold 387.8
R. A. Kempf 119.3
Engineering Aid 288.0
Model Sop 430.0
Presentations 31.0
F. Zlotshewer 64.0
L. Peirce 88.0

i.

I.
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APPENDIX

Methylene Chloride Rigid Rotor Transition Frequencies*

Rotational Constants

A = 32,001.8 MHz
0

B 0 3,320.4 MHz

SCO = 3,065.2 MHz

.b = 1.62

"" Selection rules:

ee - oo

eo - oe

Transition Frequency (MHz)

00 -10 35067.0

I1 - 1 28936.6

1 - 2 99070.61 1

10 -22 99327.4

10 - 2 15911.8

I - 2.1 41197.4

"22 -20 86045.8

2 32 163201.2

2, -32 68038.5

r 21 -2_1 86809.8
2 - 33 163202.8

2 2 3 -3_ 66505.6

,Part of this table was presented in the preceding report. It has been[ completed and the entire t.ble is given here,

-• mm aso blak. ,bm-tc Wt /'1ud.
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I.J

Transition Frequency (MHz)

20 "e l2 29193.4
2 2320 1 3 I05201.0

2. - 31 105975.1

2 1 - 3.3 9277.8

2.2 " 32 278440.6

2.2 -3.2 47200.8

33 - 31. 144037.6

33 "3.3 259290.5

"3 0 144046.0

31 -3 1 85670.6

30 -3_2 87193.6

31 - 3-3 29582.0

3 4_ 118504.9
3 -32 40 118479.5

32 4.4 233765.1

33 -43 .27205.6

32 -44 227205.7

31 1S9583.4

31 - 4_3 62173.5

3 "4 169591.6

30 -4_2 59613.0

3 1 43 456914.2,
"-I -1 111203.5

3.2 - 44 458445.4

3-2 - 40 ,12760.2

3-2" 4 4 2525.3

.3 " 41 284836.3

33 - 4_3 53079.4
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rr,-insition Frequency (MHz)

_ - 4_2 30105.9

4_ 4 4- 42 259310.9

4 - 41 87706.1

4_3 - 43 433416.7

40 - 42 144025.3

4.2- 40 85179.5

S- 40 85179.5

42 - 4 430864.7
4 -4

S1 - 43 201659.8

4_1 - 41 144050.7

4 2 - 44 201659.8

4_4- 5 4 58836.6

-4_4 - 50 291244.6

4 - 54 752180.0

4.3 - 5.5 4340.1
- 4_3 - 5 1 119689.6

43 - 53 465348.5

4-2 -52 117078.3

42 - 52 462796.5

4 1 - 51 175984.7

4 - 55 636919.9-1

40 -50 175959,0

40 -4 63G894.4

41 - 5 227416.7 A
4 -5i41 " 5- 112067.2

- 5 233591.6
1 3

4 -5 -2 112126.5

42 2 233591.6

'I
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Transition Frequency (MHz)

i .

43 - 5_3 398306.2
4 -543 - 5 169725.9

4 -5 291209.2

4 4- 5.4 402134.0

44 - 0 169726.1

44 - 54 291209.2

5 - 5_ 30770.3

55 - 5 259350.6

5 -5 720285.9-5 5
5.4 5.2 88347.6

4 -5
54 52 434065.8

5. 5-1 84579.1

52 54 259277.5

5.3 53 430238.0 1
53 - 5 259277.5

5_2 50 144060.2

5-2 - 54 604995.6

5.1 - 51 144001.1

5.1 55 604936.3

50 52 201657.9

5 - 5 201657.7
-6 3

5.5 6. 64477.1

5.5 -61 297673.25 -6 758603.7 ]
-5 3

5_4 -6_ 11311.7
5 -6

54 - 62 12677^ 2
54 -6

5_4 62 4723bo..

5_3 - 6.3 122825.8

5-3 - 61 468557.4
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Transition Frequency (MHz)
5_ -6 51044728.4

-3-
5 - 6_ 45454.4A-2 -4
5-2 - 60 182383.5

5 -2 - 64 643313.5
5 1-6_5 50872.3

5.1- 6.1 182323.6

51-6 3 643254.2

5 0 -6_6 221096.1

5 -62 105635.7

5 0 - 62 239977.2

50 - 66 816148.2

51 -63 105754.4

51 - 61 239977.0

5 1 - 65 816148.0

52 - 6 4 391172.6

[ 2 - 60 163334.5

52 - 64 297595.3

5 - 65 396531.2
53 - 6 1 163335.1

53 - 63 297595.3

54 -62 566571.1

54 -62 220598.1

5 4 6 6 355212.8
5 -6_ 566689.75 3

5 220958.1

I
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